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I have often reﬂected, in an idle moment, on how Hamlet’s
father could have been killed by the juice of hebona poured
into his outer ear, while napping in the orchard after lunch
(Hamlet, Act 1, scene 5, line 62) [1], but never pursued the
problem, as I wished to get on with the rest of the play. In
much the same way, when I worked with Borrelia in the labo-
ratory, I wondered who Borrel was and how his name
became attached to the genus.
Ame´de´e Borrel was born in 1867, in the small town of
Cazouls-le`s-Be´ziers in He´rault, France. He qualiﬁed at the
age of 25 years as a doctor from the nearby Montpellier
University. His doctoral thesis was on epithelioma. The the-
sis attracted the attention of Metchnikoff, who, in 1892,
appointed Borrel to the research staff of the Pasteur Insti-
tute in Paris, with the particular responsibility of assisting
Roux with the microbiology course. Borrel eventually
assumed full responsibility for the course, and therefore was
in charge of cultivating and maintaining the collection of
microbes in the Pasteur Institute library.
In his early years at the Institute, Borrel published arti-
cles with the disciples of Pasteur. With Calmette and Yer-
sin (1895) [1], he showed that experimental immunization
with heat-treated plague bacillus protected against plague.
It was this ﬁnding that provided the basis for Haffekine’s
plague vaccine. With Roux (1898) [2], he investigated the
possibility of serotherapy (antibody) protection in experi-
mental cerebral tetanus. And with Nocard (1898) [3], he
achieved the successful in vitro cultivation of mycoplasma. It
is during this period (1893) [4,5] that Borrel wrote about
the spread of tubercle bacilli in parenterally infected rab-
bits, describing the resulting histological structure of the
developing tubercles in the lungs and kidneys of these ani-
mals. He had already described, as an undergraduate
(1890) [6], the giant cells of leprosy, drawing parallels with
tuberculosis.
Borrel was thought of as a cytopathologist, and, as such,
was asked to ‘debunk’ a current idea of a coccidian-causing
cancer, which he did decisively, with detailed microscopic
examinations (1901) [7]. This strengthened Borrel’s interest
in cancer pathogenesis, and the remainder of his life was
devoted to ﬁnding a cause for epitheliomata and comparing
them to the pox infections (epitheliosis) of mice and sheep.
He developed a very personal theory that a carcinogenic
virus was present within a new tropho-pigmentary germ
layer under the skin that he had discovered, between the
ectoderm and mesoderm. He suggested that the branches of
this new layer could transfer the virus from the inner layers
to the outer surface, where the virus would then cause a
cancer. He further suggested that the transfer, and subse-
quently the cancer, were provoked by helminth, or some-
times by protozoan, infections.
In the last years of his life, Borrel devised a ‘supercolour-
ing’ method of cell staining, which, he averred, allowed the
virus to appear as microscopic ‘grains’. He published this
painstaking work in nearly 50 single-author papers. His ﬁnd-
ings have never been conﬁrmed, and have been ignored by
other workers, in his lifetime and since. The only lasting
result of all this effort was the invention of the coverslip,
which he used to take imprints from cell cultures in order
to transfer them onto microscopic slides.
In 1919, Borrel was promoted to the Chair of Bacteriol-
ogy at Strasbourg, where, in 1923 he organized an exhibition
to celebrate the centenary of the birth of Pasteur, who had
been a professor of chemistry there some 80 years earlier.
Borrel retired shortly afterwards, and returned as an
emeritus scientist to the Pasteur Institute in Paris, where,
until his death in 1936, he continued to work on the causes
of cancer. Borrel’s training in microscopy was a part-
time affair, undertaken while studying medicine, and com-
pares unfavourably with that of his great contemporary
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microscopist, Fritz Schaudinn, the discoverer of the trepo-
neme. Schaudinn spent his formative years as Schultze’s
student, and was obliged to do 1 year of copying unstained
biological material that he was shown under the microscope,
before being allowed to embark on his research concerning
forminifera.
It may be that, if Borrel’s training had been more system-
atic, his later work might have produced results of lasting
signiﬁcance concerning cancer. His work on spirochaetes did
not rank highly with his French peers; none of the three
obituaries [8–10] in the scientiﬁc press even mentioned this
work, which by the time of his death had been lost in the
mists of time.
Translations of Borrel’s three experimental papers, all of
which are concerned with Spirillum gallinarum, now termed
Borrelia gallinarum, are available online as Supporting Informa-
tion. These set out the effect of temperature on the pres-
ence of spirochaetes in soft ticks [11], an improved method
of culture [12], and the microscopic surface layer of the
spirochaete S. gallinarum [13].
Borrel wrote a further three papers on spirochaetes: one
concerned a test for syphilis [14]; one described the undulat-
ing membrane of a trypanosome, thought at the time to be a
spirochaete [15]; and the other reviewed the differences
among the diverse types of spiral microbes [16], again
distinguishing them from trypanosomes. This differentiation
allowed him to classify spirochaetes into three groups: the
non-ﬂexible spirilla, the ﬂexible treponemes, but without
ﬂagella or ﬂagella, which he thought could be present but
invisible with current techniques; and lastly, the ‘true’ spiro-
chaetes, such as his S. gallinarum, which he thought were
ﬂexible but peritrichate (i.e. with a surface covered with mul-
tiple broken axial ﬁlaments). This last group appeared to be
in a class of its own.
Borrel also recognized that S. gallinarum was similar to
Obermeier’s (1869, 1873) [17,18] spirochete (Borrelia recur-
rentis), which Obermeier had found to be associated with
louse-borne relapsing fever. S. gallinarum was also similar, if
not identical, to Spirillum anseri, a spirochaete ﬁrst detected
in 1891 by Sakharroff [19] in diseased geese, at stations
along the Trans-Caucasian Railway in Georgia. Interestingly,
Sakharroff noted that c. 80% died in the ﬁrst attack, but
there were no relapses in the surviving geese. The avian
disease was not a relapsing fever, but just a fever. Borrel had
received cultures of this microbe, and was able to compare
them with S. gallinarum.
The name Borrelia was conferred on S. gallinarum in 1907
by a Dutch bacteriologist, Nicholas Swellengrebel [20]. He
reviewed, not only the literature, but also the differences
among a wide variety of spirochaetes, focusing on Spirillum
plicatis, the current type species for the genus, originally
described by Ehrenberg in 1834 [21], Spirillum giganteum,
and a number of human commensal spirochaetes. It
appeared to Swellengrebel that, because S. gallinarum did not
conform to the description of any other known spirochaete
species, by reason of its peritrichous coat, an observation
made only by Borrel and not seen in other spirochaetes,
and Swellengrebel was persuaded to name the genus Borrelia.
Thus, the genus was so named because of Borrel’s mislead-
ing ﬁnding of the peritrichate coating of S. gallinarum, which
formed the basis of the dissimilarity between the spirochae-
tes. What is even more remarkable is that Borrel never saw
any patients with relapsing fever and, apart from his note on
‘Argas: spirochete transmission’, did not study any of the
disease vectors of relapsing fever; nor was he principally
concerned with differences in spirochaete morphology.
However, Borrel could claim to have improved subculturing
techniques.
I suggest that, to the late nineteenth-century and early
twentieth-century bacteriologist, culture of the microbe was
the Holy Grail, and was enough to justify leaving Borrel’s
name attached to these microorganisms.
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Supporting Information
Additional Supporting Information may be found in the
online version of this article.
Fig. S1. Photomicrograph [estimated X 5000] of A. Spiril-
lum (Borrelia) gallinarum in various stages of division. Note
the axial ﬁlaments (ﬂagella) usually internal to the outer wall
of the spirochaete, partially detached from beneath the outer
membrane which has disintegrated by the ﬁxation technique,
and now only bound at one end, the other hanging free. This
gives a false impression of tufting and peritrichate ﬂagella.
B. Treponema pallidum, inserted for comparison (illustration
adapted from reference 13).
Please note: Wiley-Blackwell is not responsible for the
content or functionality of any supporting information sup-
plied by the authors.
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